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>)iAl 0<7)^g83 6±tSVTtJ'5*»olil0a 

^SiS2 6±tcSt/Tv^. lfi<oc:n^<o«i«{iii 
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2^gg-ft^A-v^3 2RVWm#X 1 8£¥@ 
^ri«l^t:5£?-^5<0fc:-Hi-^aESWx^l 0 SrHMg 
£tf6£fcT»£3*ufcg53?)!gt4 6 c ZmmiZ^tt 
i>0>X't>&. S4 6cli ^ ^10(7)^3 SHiSX' 

tligtmvSrV*. 10 
[ 0 0 3 8 ] 04 fctt. *&BJ§£ iS^BStt^Xr 

1 24 yf- (30 0 5U>-^ (mm) ) cD^yriy 

( s i ) sk i o 6 ^^ya^-s^ft^a^^ y * 1 o 

0**1/0*4. «C10 6<±. f-^y/\*10 0<7)rtffl 
T'»£jfe8fl!ttl 0 8±(C»-l*-^ SCI 0 6<7)W± 

i oummi 1 2£&£3-g\ scstsuisc*) 

y i i4£ji-3T8^-vyAioofcA&. acio 20 
6ot*w4. y 9 1 0 2*i& 0 . munnn 
jB««»s^rt-4»t»*r-fey^y 1 1 6±i,zmt^ii 
4. yy\s?9i 0211 r^s-^A-cf^^Tti 

<s SR»*O^ffl3-T'fy^l2 0^*tTt> < t 
V». £K10 6OTi6&»Mi8B10 7Atfy7l'? 
* 1 0 2<0±M±, SCI 0 6c9=ff2SSt3££ (effectiv 
e eiissivity) £Stb&tdt><7)W&*-* tf< 1 1 82: 

[0 0 3 9] SCI 0 6fcy 71/?? 1 2 OfcOBHtt 
£££>*rCt>J:n. 1 Q.4v^i/V3iV*jx.t\me-W§\ 30 
3<tS«raxXTri».-C«. SfL106b t J7l'9912 
OfcaBgttjffi, £>3mm&^L2 0mm-e&6. 

[0040] SC106<»rfflJ$10 6' eo&KJi. 

«SC(7)ajgTn-7-t J; -oxm^tit . zcrm&m 

14. £K£tiU £C1 0 6<0#l=5T!>PJ«ai«92&K£8»g 

t" & J: o c y 7 P 9 9 1 0 2 ±xmtvuz$st2tLfi: 8 

o*jffl£7 , n-7*2J8V*6i& J . 04(C{42^>c7)7-o-7' 
OAtfv&MTt)*. SUETn-TTi. ^7r^TS3K 
(light pipe) 1 26Zffiz.X&*). Ztlii^T 

■kyrv i i 6<r)mmiph y 7W* 1 o 2co±S5*t 40 

1 2 4 rttcjf ASft4 . -9-7 r -f 7*3#»* 
12 6ii*E&ft<ttO. 0 8 04yf-TS>*). Sfl2 

3fc*>W=*S<*r>"0*4. 3^*1 26J4. 7r 
(fiber optics) 1 2 5fc,i: oTiSSatH 

2 8fc«*MiTH*. MttU 2 811. 4Mnexfiri&C 

[0041] ftMKi 3 ott. SCl 0 6co«&±^rt: 

•t v*<m<nmmx%> . sc i o 6±TflswaB*fr » 
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ocoiz. y>7l 10t«t5»«10 6<7)iaSSl»i:l8 
aUd^#x#JBv^*i4. £*U>*«j6tl. iWfc. 

JJffl^X 1 2 9(£iff. JBMftl 3 Otf>_tfrX 

K (HI b$JI) fcMLTSiyifgigl 3 OrtfcfcASfi 

Ha^X^Ani 3 2*6*A$*L&. Z<7)k 
a&lJfT^V^^KHi. rRTPf-vyAflfcitfX* 
3A-$~&$r%5r3r£ ("Novel Way of Introducing Gas 
into anRTP Chaiber" ) j t OdSSfetl 9 9 1^1 0 

^24 B»rajB$tt*iiHB^ajHA*«0rirrs*a^iT 

Et5R®5 1 5 5 3 3 6-9f3Vi;3*l. JWMMFfcilVvC 

3lfflLTfi*Aft£>;h.4. *Bt«fC. S&aWfXte. 
ittbK-h 131 2r«LT&*n<ax-f 4 V0i#yr s sx 
33izx->x^y^i)^m*)&^ti^'o . mm 

[0042] sci o 6Jias. i OES^^v^y 
3y7xysTft4. ffi^ttfl^^^S^x/N^ffli-^n. 
X1»i\\ SCI 06<?3ttgtt^=3r<i:t2 00mm-C 

[0043] JiflJ^rlni^^ 1 1 oil. ffa Lfe*B^ 
f|ffctilB?&5 1 5 5 3 3 . dcOjnift 

ioo tce»t& . 5 >t-« 2 4 ov-yt^ft^ti.. 
ziite^jrfoiz}m£&m2ti&. v-y<4. «an- 

1 2 8j&>63*t&1i#££r*» . 7 -f - F^' y ^ yXf 

i o 6nw*zm(owmim.mm&h. 
[0044] 4>*r-fey7*y 1 1 6« s ftw#xx\m 
mmmmmth^y^ 1 4 6 *%A,tmm 

KSrfili.TteO. Jf-ixtrioty 71x^^1 0 2^S1 

■f*. as«4i52 3x:<o**ft»*r-fey7*y 1 1 6^ii 

LT«S$ tlX'JyU99102 WSJK^ JniR^C 1 0 
6c0iagJ: *) t-HHS^iag (Mttf. 1 5 oxuar) 

[0 04 5]^^*. S^«flll08«. ^*<tt, 

»9 0RPM^aBrrEnEsn.?&. a->T. #7-0- 
i»fci±»^^jw*TOy>^iR»«us 

TP7r-f;^-9-yryy^-ri>. B4t^$lxSJ:o 

fc. fflSS- 0K$-a:S^ffii«Wix y is V > ? 1 3 4 3& 
fili.TfcO. ^UifflScOft^asSr-HOL-caClO 

"««fl«R««***. SCI 0 60S5S1 0 7^*5: 

tc^O. 7 5-fyf- (18mm) ^r^L^l . 04 yf- 
(2. 5mm)<7)(@Sr^LTV^. i?«l+K:*C10 6 
^ h (therwl discontinuity) 



1 5 

6 fc m-ximmttn. mw=/ y 3 yxtt^ »ay 

[0046] 34fi. IHKiS^^O 

M^wissaii 3 6_t£as£*u £*ui«s»u 2 8 

J^SftTV**. ^PM&l 3 6_b9^y:iV3-T 

ft^ftl4 0<7)rtSt)«Sr^L-Cfiy#5tlTV^. 

3 4 RtffflR 10 6 feSftftfltCBeS-fr* . 

C 0 0 4 7 ] g« 1 0 6&tf3d#T-fe>'7'y 1 0 8{±. 

f-V y>''Cffl<?)fiBS^J?±n-^ S^X-fA ( Magetical ly-Le 
vitated Rotor Systea for an OTP Chaiber) j b\>~>0 

m^x-^mmt t i>\mmz\mzti*WL<r>\mMz 
)s\ vc^ra LxsL*-*jtit>ti h . 

[0048] n-l?ijx\41\i.^ »R1 06c7)«ffil 
07tU7i^^^l02 bwimzsmsinjtn-vtix 
4 >i/*?9l 4 8£»LT4H>b*x-f 1 1 8fctt*&§ 
tih . n-i?i}x4 yv*. ? ? 1 4 8 tt. wrtzmmiz 
WHSfU WkT±>7V 1 1 6 1 5 2 

£»Dag©i 5 1 ^T^^-^-xfi^iai 5 o 
[ o o 4 9 ] H4 tov^TiiBg§^siafe®«r»±. -r 

yyi?^148ll U71^^^10 2O«&4 , *tffia 
£*U /\-^*#Xa£l4 7£*-rh'T4 1 18rtfc|6»t 
5. 4 yyx?^14 8lt affll0 6fc**L^LT 

[00 50] S«l 0 6£#>2 0RPM<7)ffi^ 

0£iSgTlHl£3-£6<rfcfc:J:»). n-i/ijx\41ff 
*EP 1 4 9T^$il«. J 0 y j/x ? ? 1 4 8&31L 
T*a*lW*C*AS*l«ittfliBtfc. 3 0-4 
0 R P M «fc ^Efc&Kfc** t 

[0051] momgmx-M. -i w^?? 1 4 8 

tt, n-VH* 1 4 7*P3«ttco*Efv^^->-C±^rfc: 

ssi oecrimizmmijiiiinfmzmmtz 
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*mnz&$i ? fumx-gmt^-i/fix 1 4 7 tmx 
fih z t as**** i t x-hh . 

[0052] Plffi&l 3 6tt, n-i/HX 1 4 7*<^r^r 
h'f.<118K. x- y yyy^i34. P3fi^l3 6 

[00 53] 05Xtf6 Sr#tStl.fc. XyJ/'D^l 

3 4 a; s« 1 0 6 %3m-?&m& 1 6 4 

10 HSfrfrfc . Pm 1 3 6 (C J: -?T£Sf;*:h.6*MJga&# 1 
6 6fc«Tl/CH*. ttSeggflMTCfi, fflgfl 6 4 

mtzhmmmx'it. «i8 2*>\ mi 64«± 

®1 80fc:m3irO^. «t±. flBSl 6 4<ort^a 

*^«^*r6j^tcs^T t> •? » mmiznmtt 1 

66WtS^TV^. S182^i0. SSl06tx 
»/ ->'y 1 34<7)^.Wm 16 4 fcOOtVt-^tfX 

1 4 7 £ t ^ t ®M,iz%tt z t z*imiz'rz>ffl&ff5-z 

ZW&l 0 6^^SB1 6 8SrjlLTW*|6]fc|4lV^S 
[0 0 54] H5fcti. lbm<r>miS21fi7p.^1xX^ 

hifi. xv'jr&Mnmtfm^iixi**^. 

[ 0 0 5 5 ] X - 7 V y y ^ 1 3 4 c^fflj^* 1 6 6 <75± 
HI 7 Ote. »R1 0 60±tSkH&^t«3fc*S. 

30 [0056] mi'Bjm^iizn^Khwmmmx- 

±ffil 7 0«i. KSt^ (elevated) ^V^LIitt 

wo zmtxts o , i 4 7»tf*)ui 

^129 ^x y y'j 1 3 4 a^ktrfc^y^ot 

9 0tt, ai8203*>ra*-tl.»£0±Inl^O'F18 
6lzffi£LXSSZtiX^Z. 
[00 57] Xy^*y>^134Ji. 5^0PJ 
@SS1 36fcfct>fcM3t (light-ti*t> ;PSrJg« 
^idfcgfhSiiT^S. xvi/yy^i 3 4^Kffl 
40 *^St^T^I.<0fi. HI§S*oy >yTl 9 2T'*0> Z 
tit±53aSHi5Sl 3 6c0WSi 0 biyWp&b&M 
g$r*LT*J0. «->Ty-yT«H^SixSJ:3t=P3M 

60»m&tS^-A'iJB&th£At* y»/ri9 2(0M- 

[00 58]X/^yy^l34«. Wmm&13 

iBi.TJ'MafcSKSLT^S. PMasi3 6£j6S;iSx. ; , 
i^'yy^l 3 4<^KOJBggI5J±. ^TtSS^fi* 
50 is-)V F'jy/htt, MiWdf ff^H8 
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^tff^ 1 1 m£mtffmt*-5sm.z%.£.m L i o o 6 2 i 3 0 omm^x^jsui-f stok^xf 

-t&ittblZ^ x 7 y'jy/l 3 4fi.T/v-^Kl>>^l ATJ±. 'J 71/?^ 1 0 2l±, SSl 0 6£>ftl 8mm 

54#Mm?l 1 0T'5l±-r5«cStl8S:®lR-rS«fi T*»C*0. i]*-2 04liJgS*^2~3mmT'* 

(Wi-tfMXJiMfe^W) T-n— r-rV^/iTtJ: "9. y7l^:M 0 20#2~3mm±3rca>o£)Rl 

V\ 0 6<0JKffiC0l!) 1 0 mmT\£f<7>8lHtfcJ>£> . £.tL£>£)8i 

[0059] ;t-y#Xli. *SStt#X (Mt&7Jl>J SffcL 204 ±-C<9£ift?i? SrO 0 ifcfctfl. £ fc =5: 

<o#x#ifln<o;h.Tt> in. tfxcoa&ii. fty^rt isg&t *a-2 04 JiXtt^coT^y -jv99 1 o 

m?th. MHi^<r>i)^)WLTX-it. *im%tmm [0063] 4yiS*99248\i. WSftWLl 0 2#>£> 

*fc*t*>7-xxrx ( m(£*aau&ft* 204 taftftsiifcr'*-*-* 210 £31lt± 

X) tBW«^^tJ»>i««B LV\ *(=Ktf?»&. acic, HI O&t/l 1 iy^mtht. 

[0060] n-i?#xzm\-tz>tzMzmi,zmfen a >=j* 9 9 2 a sb. futr. ^o^T'**^ 

itlMl03>(y3/'x^^l4 8ll. 09fct>i,vc33B$*l 212t*t:JB^3flfciiSv>y-> J L;l— AJg^^gTO 

A>i?*9924 8, zmmtzmrez & x a 4 8«. jsj&mtrfl* wiiftt? 0 twitr^ ? * s 

b'T^f 1 18O4"MXl20 l^frBfcJBtTiJ^^Sl *utA»)J:3*KBai*fi«'r#feft.Tt.J:^. > 

f-ryA200«M^S*lTV^*. ic5BffflH ^*x^^248«i. RfPKtf>fi&2 1 4 . J:*»*£n 
fcli. 2 6 . MBM- 1 2 8XI±»3yhn-5 20 BSoRS*Uig52 16k iNUm*. 

1 1 lMSc&rOvfrki. 4y^x??24 8tt. [0 0 64] #ife8£IS2 12fcL ISSS2 1 4 OT'*— -f- 

*t??4O*f><Ctt2 0 l*6^TSS&tiT&!K ft + 2 2 0*>£>Ji&21 6rt£?^&Fmft0TttSft 

oT*Sl 0 6cO«t»^2 0 l»t>!MlTSMStlTH tWLX^i. TSS»2 1 814. ±M2 1 6rtOS:a 

*£kl=ttBf'<*"r**. «*#^±«a2 2 2fco«a6«->TV»&. ±&8SS&2 

[ 0 0 6 1 ] 04 CoVvCftfcKBlLfcf-* 0 2 2 hZm*i*Wmt3&l>X\) >v r- 2 2 4 tt. ± 

Oi3fcRTP?Mr**2 0 0Ht» HteBftSrSSGdS g?2 1 6«0jafflft3 6 0' KKPO*. ±«2 2 6 

iflsk.SRlO 6±^#*Jc*«8 1 1 2 fcrtft* «t o tz U. X'Jvh V-TX U -y r- £ 4Hfcft£B*tt=ft0 

■K3*i£MR*?l 10fc*flttT»*. Rtf^r-rtf #<0/NSn*Xh2 2 8fcJ:oT3mSft.Tn£. 01 

r -f 1 1 8\i. wis. i o 6 . 'j7Wio2.z»i; o&# 1 1 i2j&*i&?tfmar?ii. 3oo«flH££ 

Uy^l34AZfF9ffSl367^$^V^. 30 S$ft/c*Xh2 2 8#&9. £*l£{ixy -y r-2 24 

tmil3 0», S«10 6th-^lgr-lryyy 1 14 *3#flU W?;fll20' tfXf-2 

fcWBWttteiVO**. EHHIMtt. 3d$18flsl 0 8 2 8l±. X>J »/ r- 2 2 (circuiferential ex 

*HeStf*J:3fc: j 5rr> , 0*4. ifc. RTPf-^yA tent) £ft*£^<. ffiga£^fcM£-4-£J:3£ 

20 Oil. 2Mi&3eHay7l'?jW(~2 04£&;{. ?IK^!}/K<<#&ft.&. 

tfe 1 ). £Wiy 71/??1 0 2 k*Rl0 6t£0H^ [0 06 5] 09X1^1 2-1 4 ^KRt&k. 

iSfSiLTlr^. 'J71^^^*>»n'-204«. FWK»J£tf2 1 4 vtEBto* » 'J 7^^1 022rK 

9m** »<m<7)VyU99*V<- ( ("Reflector Cov atTgtJfSSa?^ 3 0 ^O^i^^hS^^oT 

er For ASeiiconductor Processing dumber. ") j i:V^ V^6„ ?MfflgM2 1 4<0Kffi2 3 2{i. X9VY^7 

om^x^B\z^m^ixfz^^Mzmm\zm^^ix. (stand-off) 2 34^±g?(c«s (sit) ztix^h. 

*<DWfa<T>£tW#BmmiZl$^X?mLX&*-Atie> 40 X^y^•^■7 2 34^iT>'^-^?:*LTt^ , ?. ^il^> 

tlS. */"«-20 4«. , )7\s99l02<0±1iliZ.m »i. 'J7l^^^l0 2cOSSK<7)«2 3 7&lX**SSr* 

&03dW£J:->T^&ru C*L&tt. D7U^^1 1 16<0±g?HJ:-5T^$tl^*¥8a82 3 6*^CO 

0 2x«f-ryA-<ofac7)^ I afc^$a«.. 09t^? ^^-^x^o^ctcor*!.. *^ia»2 3 6«. 
tihmtmm-it. ^^-2 0 4<o3^f^i. m^x 1 1 6 inmLxmfhmm2 3 skisr* 

h206T^t4>^ ZtUiV7\s99 I 02lzm&2 tlX^l, 00cO?rSKtJ)$^2 3 8<0fB 

iiifc-maffisM** < *->«:pw5«o«iiffi»2 0 8 aggRi, a»s*ifc/'c-^x ( a^i*) otti&gs 

i*icftft>&.&. ^xh206«±. yy/. ty, £%m-&tz#>ffmmt240ii}ixx<. x&m<?> 

vis a < offifflB«J£^-lS«c{c®# Jfti. ^o^rffiTA-^'xfti^st^^iiT t> in. 

^fLT*,J:V\ 4^StBttrtt. »J7l/^^*A-20 ^Vs.? 9&SWSimt 1 0 2fccO^Cti 

4 §ri^-t«.fci6tc4o<0^X f 2 0 6 ^>il. 0 50 W9242 iz X 0 z/-iWffif$.Ztlh . 
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[0066] Xfi>]<*7 2 34imR<n*ft®2 4 4 

2 1 2<AT&2 1 8k%m tm&>*&m l 2 4 6 £:£ 
L/0>S. (pie) mk<0^h250ii& 

[0067] ^-vtfxfc);. SS82 3 €>frt>>M Bftco 
#X^2 5 0lS<O£iS2:jI r K X*yK:*7 2 3 4604> 
j^j824 6^a-5T±*fc:|6l*H\ 4 >'5*t$'*24 

80«f*5S»2i 2rtfcsatS. ifrvc. n-i?ifx 

ti, 4 y i^'x 9*248 ZM^TkJUzWx. K- : Jti 10 

i o 6 togas 1 o iiizm^ftxwmtim-wztovb 

tihrt-iWxWf&fi&lxh. 

[0068]X'Jyh224 UfflKCTfigBHSiU 
A V V x ? 9 2 4 8<04»*iS!5 2 12 frt><7)rt— 
zstfXfclZ. WfcCO^ffil 0 7£^&iCSiiSlg#e0ffi 
WMi (line-of^sight) (tfmZ&Kfttt^XolZ 
SroT^S. <reoffi?flt-J: *)AyVs.9 92481rh<r) 

[0069] *mi<m<vmffimz^xm&Ltz*. 

««1 0 6^'lHlfet-Sfc. ^-^*X*«1SC7« 
mOTtCfttrciJM^S^tU A-S^XfcL ft 

3 0~4 0 R P McDffiV^HHgafS-CHIK^-a-l. CI fc fc J: 

fijgn y h 1 1 1 <r®£7 4 - K a . y ? yXfA(0 
P£g&fc:J:oTife56£*t£. 2HR1 0 6{±, figayh 
o-7«l^S8*{^< fc i> 1 HffiL^fWH^^^ 
v\ ffiftLtii'XT&liZ&^XWfcl 0 6\i$j 30 

7 5~l20RPMT1sH6$tl.-Cil'^ t-jtW^IU 
$m&m^t>tLXi>£<. fflgl0 6»±. #8 5-9 
5 RPM-t'ls|«£il&<OjR> ->k?fflXhZ> . 
[0070] 09 tOWCl^ Lfc^XxATIl. A > 
i?x.99248\$.^ f-^>-Ay2 0 0rt(Ct>(t4l«— CO 

a-*^**?**. ^ttr^ 1 1 scommzuzm- 
mtzi&ixTijizmffz,. K-itiixffywzte. #a 

-2 0 4<0±g&Xt±#A-2 04fcl>7V?:$'102fc 

<mco£ffli,z®->x4 y/i ? ftzmircm.*) 5 s t><o 40 

ua>u ^r-vhr 1 1 sornii-mzom 
•thfcMz. >*-=J*fx\^ =*^t7M 1 i8rtfc>f y 

¥x.99248frhfcK2ti&cobWU'&MX'&£L 
XiWftitt%L>&\ ZcWUcr)m.te. ±fc LX. 
m. it: v y u? 9 1 0 2 fc Wfcth PM3? 1 3 6 fc CO 

ffim&coffl3femhxmt>tih. mwz^xwm 
uzmwmx'it. xyxy >yi 3 2<±. -e<oai&fc 

ffitx&i,-?. ztuzx-oxz-visvy? 13 4 tmsi 
1 0 6 t<7MZ'K-i;tfz.imkA,zm? m-tztiM: 50 
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<«f*. KH2 54{±. mnm®o. \*y&(2. 

5mm) t'i^o >t-SWHt. <TV>? 

ttjg|&140, 1 42 k.X-lW<TVy ?1 3 8 k<7i 
®. m-th<T V y^m 1 4 2 fc K 1 54 
fc<0fa£S8tfu P3«a513 6cOM-ffitCi»oTS^l. *l 
Xis-ll-Yl 54 tx.-vi? t Jy?mk&2 5 2 kcVffli 
8S*U 2 5 6t~ft»tT*f«fc:8Dh.S. mm 

x. yiSVy?l 34<?>!fflfrtd!hl l z>*-i;j!fxtf*-v\Z 

Tin 8frt>wm®.m 3 0 fc^rrms^fcHL 
[oo7i] mm±Mwmi:^th9m^y^z 

*JWC % *-rt^* 1 18*^m^l36fcU7l^^ 

9 1 0 2 k<mmmffi£MLXJ*~i;tfxzm£-? 

r RT p^WN'ffl<^)SeE^ ! ±p-^^ 
Xy~ J* (Magnetically-Levitataed Rotor System ForAn 

rtp QiaMber) j t^ou^m&Lfjm^mz^ 

[0072] m^L-TtctotC, y^*x^^24 8»i. 
'J7W^^1 0 2Xt^a^r^b*x-f 1 18^t«620 

ifrt>h-fMz-rtixwmztix\^. jm%m.&. 
vxy-j>.<7)Wsm&izmf-t&. zm^yTRTPisx 

T&tzimu y s J* 9924 8<rmmiMc?>t:#xm 
&WU<r>Mm?M*)Xh&. Ay-Jx.99248<T> 

^fttio. 4yzs*99imw2tii{m<v&®x**7 
x^coiasrD7r-f/WpU^fL^iti6. m^r&^x 
wfflmutzmxj yv* 9 9 2 4 8 £*i-fliK»»3 

-fr*Cfc*>*a^Lv\ ^idtcLT. »>x;v7>i#B)r 
^.^x/n^hii^^w^^ 1 1 o^mL^yriz 

«t-?TM53fL, ^ffla5£<-C^-x.^Sfc'f0fil[at, 

4y^*x??24 

8<rW8&&<%m:^ti>t>X'hb. t*»L. ^yi/'x 
^^248^ x^eo^a^{c:i6HtT|gt^a(3ffiS3 
^{C^itT. HlK-r-S^x-'M 0 6f9Sffll 0 7tC*t 

99248\i, *tdfi^7U7r4>Vtt%#m* 
-> fcj£v^afcEa3fi^#T'*S. 
cicoidtcLT. ztit>cr)^i-& 2i<7>$i%<w< : yy 

xzm&zkizx ixm&omifim.zti. mom 

xhho. xmmmxit. jyi?x992 48n. + 
't*2 0 1 irt>m& 1 3 6£X'<7)&m<rm 2 o%~3 

0%cofiBCffiSSJi.a. 

[0073] yi?x.99248<m%l>zmLX\t, 0 
K-rs^x^tc^LT^^M-^xSl^flS J: d 

se-rs^x^xcosffii o7(cT?=sffi0j6v^a 
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1 Title of Invention 

METHOD AND APPARATUS FOR PURGING THE BACK SIDE OF 
A SUBSTRATE DURING CHEMICAL VAPOR PROCESSING 

2 Claims 

1. A purge gas injector for a processing system 
that includes a process chamber, the purge gaa injector 
comprising a substantially annular -shaped opening providing 
a slit structured and arranged to direct a flow of purge gas 
about radially outward therefrom approximately parallel to a 
plane defined by a substrate, wherein the substrate is 
supported in the process chamber above the purge gas 
Injector. 

2. The purge gas injector of claim 1, further 
comprising: 

a body comprising an upward extending channel; 
a top' plate; and 

support structure positioning said top plate 
above said body, said slit being provided between said body 
and said top plate with said channel opening to said slit. 

3* The purge gas injector of claim 2, wherein said 
body and said top plate are fabricated of transparent 
quartz. 

4, The purge gas injector of claim 2, wherein 
said body further comprises; 

a first part, which includes said slit and said top 
plate, being of a first diameter; 

a second part being of a second diameter that is 
smaller than the first diameter; and 
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said channel including an upper channel portion 
within said first: part of said body and a lower channel 
portion connecting between said upper channel portion and an 
opening at a bottom end of said channel A wherein said upper 
channel portion has a larger diameter than said lower 
channel portion. 

5- A processing system comprising; 
a process chamber; 

a support assembly within the process chamber 
being structured and arranged to support a substrate; and 

a purge gas injector positioned below a 
backside of said substrate when said substrate is supported 
from said support assembly, said purge gas injector 
including a substantially annul ax -shaped opening providing a 
slit, which is structured and arranged to direct a flow of 
purge gas about radially outward from said slit in a . 
direction approximately parallel to a plane defined by said 
substrate . 

6. The processing system of claim 5, wherein said 
purge gas injector further includes: 

a body comprising an upward extending channel, 
a lower end of said channel coupling to a source of purge 
gas ; 

a top plane; and 

support structure positioning said top plate 
above said body, said slit being provided between said body 
and said top plate with an upper portion of said channel 
opening to said slit. 

7. The processing system of claim 6, wherein said 
lower end of said channel has a first diameter, and said 
upper end of said channel has a second diameter being larger 
than said first diameter. 
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8. The processing system of claim 6, wherein said 
body and said cop plate are fabricated of transparent 
quartz. 

9. The processing system of claim 5, wherein said 
support assembly includes a quartz cylinder and an edge ring 
for supporting said substrate, said cylinder supporting said 
edge ring, wherein said process chamber includes a reflector 
plate positioned below said substrate when said substrate is 
supported by said support assembly, wherein a thermal cavity 
is provided by said reflector plate, said quartz cylinder, 
said edge ring and said substrate, and wherein said 
reflector plate includes an opening through which said purge 
gas injector protrudes into said thermal cavity. 

10. The vapor processing system of claim 9, wherein 
said thermal cavity further comprises a quartz shield 
positioned between said slit and said reflector plate, said 
quartz shield including an aperture through which said purge 
gas injector extends, 

11. The processing system of claim 9, wherein said 
quartz cylinder and said reflector plate provide a gap 
therebetween for the outflow of said purge gas from said 
thermal cavity. 

12. The processing system of claim 9, further 
comprising a heat source positioned above the substrate for 
thermal processing the substrate . 

13. The processing system of claim 5, wherein said 
annular- shaped opening is positioned off of a central axis 
of said substrate. 
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14. The processing system of claim 13, wherein said 
annular-shaped opening is positioned closer to said central 
axis than to a peripheral edge of said substrate. 

15. The processing system of claim 5, wherein said 
process chamber further includes a rotation mechanism to 
rotate said support assembly and said substrate about a 
central axis of said substrate while said purge gas is 
flowing from said purge gas injector, wherein said rotation 
mechanism is adapted to rotate said support assembly at a 
rate sufficient to impel said flow of purge gas to flow 
spirally outward along the backside of said substrate . 

16. The processing system of claim 15, wherein said 
rotation mechanism is capable of rotating said edge ring at 
a rate of at least about 30 RPM. 

17. A method for processing a. substrate, 
comprising : 

supporting a substrate within a process chamber 
such that a backside of the substrate is substantially 
exposed; and 

flowing a purge gas in a substantially 
outwardly radial direction from a substantially annular- 
shaped slit of an injector positioned below the backside of 
the substrate* 

18. The method of claim 17 , further comprising 
rotating the substrate at a rotation speed sufficient to 
cause said flowing purge gas to be impelled by said 
substrate backside in an outward spiralling direction along 
said backside. 

19. The method of claim 18, further comprising 
heating the substrate. 
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20. The method of claim 18, further comprising 
flowing a process gas on a front sida of the substrate. 

21. The method of claim 18 , further including 
positioning the slit of the injector within a thermal cavity 
between a reflector plate and the substrate. 

22. The method of claim 21 f wherein positioning the 
slit includes positioning said injector off of a central 
axis of the . substrate , 

23. The method of claim 21, wherein a support 
cylinder provides a side wall of the thermal cavity, the 
method further including causing the purge gas to flow 
downward along the side wall when said spirally flowing 
purge gas reaches a periphery of the substrate - 

24. The method of claim 23, wherein causing the 
purge gas to flow downward includes causing the purge gas to 
flow out of the thermal cavity through a gap provided 
between the cylinder and the reflector. 

25. A method of processing a disk-shaped substrate 
in a process chamber, comprising: 

supporting the substrate from a peripheral edge 
on a rotation assembly r 

flowing a purge gas approximately radially 
outward from am injector positioned below the substrate, the 
purge gas flowing from the injector flowing approximately 
parallel to the substrate; and 

rotating the substrate with the rotation 
assembly at a speed sufficient to cause the purge gas to 



5 



(24) , WBPF1 1-3884 

gg$^=P9 7AM-0 8 7 

spiral outward along a backside of the substrate towards the 
peripheral edge. 

26.. The method of claim 25, . wherein rotating 
includes rotating the substrate at a rotational speed of at 
leas-: approximately 30 RPM. 

27. An apparatus in a vapor processing system which 
includes a process chamber, comprising: 

a rotatable support assembly structured and 
arranged to support a substrate within the process chamber, 
the support assembly beiag capable of rotating the substrate 
about a central axia when coupled to an actuator; and 

a conduit structured and arranged to direct a 
flow of purge gas over a baclcaide of the substrate while the 
substrate is rotating such that the rotating substrate 
causes the purge gas to flow radially outward relative to 
the substrate. 

28- The apparatus of claim 27, wherein the support 
assembly is capable of rotating the substrate at a 
rotational speed, of at least approximately 90 RPM. 

29. The apparatus of claim 27, further comprising a 
process gas conduit structured and arranged to direct a flow 
of process gas over a front side of the substrate while the 
substrate is rotated such that the rotating substrate causes 
the prcce3s gas to flow radially .outward relative to the 
substrate. ''•*": ^ * : 

30. The apparatus of claim 27, wherein the support 
assembly includes an edge ring supporting the substrate, 
confronting surfaces of the edge ring and the substrate 
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being structured and arranged to channel the radially 
flowing purge gas around a peripheral edge of the substrate. 

31. A. system to process a substrate , comprising: 
a process chamber ; 

an edge ring to support the substrate within 
the process chamber; 

a rotation assembly structured and arranged to 
rotatably couple the edge ring to an actuator located 
outside the process chamber; and 

wherein the process chamber includes a process 
gas conduit structured and arranged to flow a process gas 
over a front side of the substrate, and a purge ga3 conduit 
structured and arranged to flow a purge gas over a backside 
of the substrate while the substrate is rotated. 

32. The system of claim 31, wherein the process 
chamber includes a heat source positioned above the 
substrate for thermal processing the substrate. 

33- The system of claim 32, wherein the bottom of 
the process chamber, the rotation assembly, the edge ring 
and the. substrate cooperatively form a thermal cavity. 

34- The system of claim 31, wherein the rotation 
assembly includes a cylinder supporting the edge ring, the 
cylinder being supported by an upper bearing race which is 
rotatably coupled to a stationary lower bearing race by 
bearings therebetween, the upper bearing race being 
structured and arranged to be magnetically coupled to the 
actuator for rotating the upper bearing race and the 
cylinder.- 
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35. The system of claim 31, wherein the rotation 
assembly is structured and arranged to rotate the substrata 
about a central axis at a rotational speed ot at least 
approximately 90 RPM. 

3*6. The system of claim 31, wherein the edge ring 
includes an annular ledge having an upper surface to support 
the backside of the substrate near a peripheral edge of the 
substrate, the ledge being structured and arranged to allow 
passage of outwardly flowing purge gas past the peripheral 
edge. 

37. The system of claim 31, wherein the purge gas 
conduit comprises an injector which includes a slit through 
which the purge gas flows and wherein, the slit is disposed 
parallel to a plane defined by the substrate when said 
substrate is supported by said edge ring. 

38. A method of purging a backside of a substrate 
with a purge gas, comprising the steps of: 

rotating the substrate about a central axis; 

flowing the purge gas over the backside of the 
rotating substrate; and 

wherein the rotating substrate urges the purge gas 
to flow in an outward radial direction relative to the 
rotating substrate. 

39. The method of claim 3B, further comprising 
flowing a process gas over a front side of the rotating 
substrate , wherein the rotating substrate urges the process 
gas to flow in the outward radial direction. 
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40. The method of claim 38, wherein rotating the 
substrate includes rotating the sub S t,a t e at a rotational 
speed or at least approximately 90 RPM. 

41. The method of claim 38. wherein flowing the 
purge gas comprises flowing an inert gas. 

42. The method of claim 38. further comprising 
filing the radially flowing purge gas paat a p9ripheral 
eage of the rotating substrate. 

43. The method of claim «2. wherein, channelling 
eludes channelling the radially flowing purge gas through 
a pluralxty of flow paths that are provided by confronts 
surfaces of the substrate and an edge ring supporting the" 
substrate. ^ 

44. The methou of claim 43, wherein channelling 
comprises directing the radially flowing purge ga3 m a 
generally axial direction near a peripheral edce of the 
substrate. 

45. The method of claim 42, wherein rotating the 
substrate includes rotating the substrate on a stating edge 
rxng, an outer. annular surface of the edge ring fur-hex 
urgmg the channeled purge gas ar.d the outwardly flowing 
process gas Co flow radially outward therefrom. 

46. The method of claim 38. wherein flowing the 
purge gas comprises flowing the purge gas through an 
aperture in a plate spaced from the backside of the 
substrate. 
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47. The method of claim 39, further comprising 
heating the substrate while flowing the process gas. 

48* A method of vapor processing a disk-shaped 
substrate in a process chamber, comprising the steps of: 

supporting the substrate cn a rotation 
assembly, the rotation assembly including an edge ring 
having an inner annular ledge supporting the substrate near 
the substrate's peripheral edge; 

flowing a purge gas over a backside of the 

substrate; 

flowing a process gas. over a front side of the 
substrate; ar_d 

rotating the substrate with the rotation 
assembly to urge the purge gas and the process gas radially 
outward toward the substrate's peripheral edge. 

49. The method of claim 48, further including the 
step of heating the substrate while rotating the substrate . 

50. The method of claim 49, wherein the rotating 
step includes rotating the substrate at a rotational speed 
of at least approximately 90 rpm- 

3 Detailed Description of Invention 

Background of t^e TTivgrMnn 
The invention relates generally to chemical vapor 

deposition systems, and more particularly to rapid thermal 

processing (RTP) systems. 

Chemical vapor processes for thin film fabrication 

pass a vapor over a subscrate to either grow a fiLm on the 

substrate, etch the substrate, or otherwise react with a 
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material on the substrate to change the character of the 
substrate surface. The types of substrates referred tc here 
include wafers for ultra-large scale integrated (ULSI) 
circuits. The substrate is sometimes subjected to RTP tc 
facilitate or speed vapor processing while minimizing 
handling. RTP refers to several different processes, 
including rapid thermal annealing (RTA) , rapid thermal 
cleaning (RTC) , rapid thermal chemical vapor deposition 
(RTCVD) , rapid thermal oxidation (RTO) , and rapid thermal 
nitridation (RTW) . 

In one RTP process, wafers are loaded into a 
processing chamber at room temperature to several hundred 
degrees Celsius in a nitrogen |W 2 }. gas ambient atmosphere. 
The temperature of the wafer is ramped to a process 
temperature, usually in the range of about €00°C to 1200°C, 
The temperature is raised using a large number of halogen 
lamps which radiatively heat the wafer. The temperature 
stabilizes over a pre-set time period, and reactive gases 
are introduced. The gas may be introduced while ramping the 
temperature. For example, oxygen may be introduced for 
growing a layer of silicon dioxide (Sio 2 ) . 

The wafer is sometimes supported around the 
periphery of it 3 bottom side on an annular- shaped ledge of a 
supporting edge ring. The wafer's peripheral edge is left 
exposed. Gaseous products of the chemical reactions on the 
wafer are expected to be exhausted via a pumping system. In 
such a system, che reactive cases can spill over the edge of 
the wafer and edge ring, or may leak to the region below the 
wafer due to imperfections in the edge ring supporting the 
wafer or due to incomplete coverage of the edge ring by the 
wafer. The spilled-over process gasses can deposit a non- 
uniform film on the peripheral edge of the wafer, on its 
backside, or on components located below the wafer. The 
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presence of hot gases in these regions can also cause damage 
and corrosion. Accumulated deposits may also flake off, 
contaminating the process chamber with particles. Also, 
nor. r uniform depositions around the edge cf the wafer are 
undesirable for subsequent wafer processing. 

One approach to inhibit che process gases from 
depositing on the edge or backside is to use .an edge ring 
than covers a portion of the upper surface of the wafer. 
Another approach is to coat the entire backside of the wafer 
uniformly to produce a more stable film less likely to 
flake. To this end, the wafer is supported on pins so that' 
the process gases can easily deposit on the backside. 

In those cases where depositing on the backside is 
undesirable, one or another of a variety of edge- specific 
purges with inert gases are used to prevent reactive gases 
from reaching the edge and backside areas. One type of such 
a system Tise9 a susceptor wirh built-in channels for 
directing purge gas flows to the edge of the wafer. 

Current schemes for providing effective edge purging 
may incompletely isolate the backside from reactive cases if. 
the flow of purge gas is too weak. If the purge gas is 
flowed more strongLy, it can spill over the front side of 
the wafer and mix with the process gas at the periphery of 
the wafer by diffusion or by convection. The resulting 
dilution of reactive gases ever the front side of the wafer 
leads to incomplete filn deposition near the periphery of 
the front side, thereby reducing the usable area having a 
uniform film on the wafer. 

The uniformity of the process over the surface of 
the substrate during thermal processing is also critical to 
producing uniform devices. For exampLe, in the particular 
application of complementary metal -oxide -semi conductor 
<CMOS) gate dielectric formation by RTO or RTN, thickness, 
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growth temperature, and uniformity of the gate dielectrics 
are critical parameters that influence the overall device 
performance and fabrication- yield. Currently, CMOS devices 
are being made with dielectric layers that aire only 60-80 
Angstroms (10* 4 V) thick and for which thickness uniformity 
must be held within +2 A. This level of uniformity requires 
that temperature variations across the substrate curing high 
temperature processing cannot exceed a few degrees Celsius. 
Temperature uniformity provides uniform process variables on 
the substrate (e.g., layer thickness, resistivity, etch 
depth) for process steps including film deposition, oxide 
growth and etching. In addition, temperature uniformity 
across the substrate is necessary to prevent thermal stress - 
induced wafer damage such as vrarpage, defect generation and 
slip. This type of thermal stress is caused by thermal 
gradients which are minimized by temperature uniformity. 
The wafer often cannot tolerate even small temperature 
differentials during high temperature processing. 
Therefore, any viable purge scheme should not adversely 
affect temperature uniformity during processing. 

Summary of the Invention 
The invention provides a system for purging the 
backside of the wafer, including an improved purge gas 
injector. A processing system according Co the invention 
includes a process chamber and a support assembly within the 
process chamber being structured and arranged to support a 
substrate. The processing system may further include. a heat 
source positioned above the substrate for thermal processing 
the substrate- A purge gas injector is positioned below a 
backside of the substrace when the substrate is supported 
from the support assembly. The purge gas injector includes 
a substantially annular- soaped opening providing a slit. 
The slit is structured and arranged to direct a flow of 
purge gas about radially outward therefrom in a direction 
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approximately parallel to a plane defined by the substrate. 

The injector can include a body having an upward 
extending channel, a top plate, and support: structure 
positioning the top plate above the body, wherein the slit 
is provided between the body and the top plate with the 
channel opening to the slit. The body and top pla^e car. be 
fabricated of transparent quartz* The body may further 
include an upper part, which includes the slit and the top 
plate, being of a first diameter, and. a lower part being of 
a second diameter that is smaller than the first diameter. 
The channel may include an upper channel portion within the 
upper part of the body, and a lower channel portion 
connecting between the upper channel portion and an opening 
at a bottom end of the channel that couples to a source of 
purge gas. 

The support assembly can include a quartz cylinder . 
and an edge ring for supporting the substrate, wherein the 
cylinder supports the edge ring. The process chamber can 
include a reflector plate positioned below the substrate, 
wherein a thermal cavity is provided by the reflector plate r 
the quartz cylinder, the edge ring and the substrate. The 
reflector plate includes an opening through which the puree 
gas injector protrudes into the thermal cavity. The quartz 
cylinder and the reflector plate can provide a gap 
therebetween for the purge gas to flow out from the thermal 
cavity . 

The injector's annular- shaped opening can be 
positioned off of a central axis of the substrate, for 
example, closer to the central axis than to a peripheral 
edge of the substrate; 

The chamber may include a rotation mechanism to 
rotate the support assembly and the substrate about a 
central axis of the substrate while the purge gas is flowing 
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from the purge cas injector. The rotation mechanism can be 
adapted to rotate the support .assembly at a rate sufficient 
to impel the flow cf purge gas to flow spirally outward 

along the backside of- said substrate, for example, at a rate 
of at least about 30 RPM. 

The invention also provides a method for processing 
a subs trace, including supporting the substrate within a 
process chamber such that a backside of the substrate is 
substantially exposed , and flowing a purge gas in a 
substantially outwardly radial direction from a 
substantially annular -shaped slit of an injector positioned 
below the backside of the substrate. The method may further 
include rotating the substrate at a rotation speed 
sufficient to cause the flowing purge gas to be impelled by 
the substrate backside in an outward spiralling direction 
along the backside. The method may also include heating the 
substrate, and flowing a process gas on a front side of the 
substrate. 

The method can additionally include positioning the 
slit of the injector within a thermal cavity between a 
reflector plate and the substrate, and laterally off of a 
central axis of the substrate. A support cylinder can 
provide a side wall of the thermal cavity. With this 
arrangement, the method can further include causing the 
purge gas to flow downward along the side wall when the 
spirally flowing purge gas reaches a. periphery of . the 
substrate, * and then to flow out of the thermal cavity 
through a gap provided between the cylinder and the 
reflector. 

According to yet another aspect of the invention, a 
method of processing a di3k- shaped substrate in a process 
chamber, includes supporting the substrate from a peripheral 
edge on a rotation assembly, flowing a purge gas 
approximately radially outward from an injector positioned 
below, the substrate, the purge gas flowing from the injector 
flowing approximately parallel to the substrate, and 
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rotating the substrate with the rotation assembly at a spead 
sufficient to cause the purge gas to spiral outward ajong a 
backside of the substrate towards the peripheral edge. 

The invention further provides an. apparatus in a 
vapor processing system which includes a process chattier. 
The apparatus includes a rotatable. support assembly 
structured and arranged to support a substrate within the 
process chamber. The support asserr.bly is capable of 
rotating the substrate about a central axis at a rotational 
speed of at least approximately 90 RPM when coupled to an 
actuator. A conduit is structured and arranged to direct a 
flow of purge gas over a backside of the substrate while the 
substrate is rotating such that the rotating substrate 
causes the purge gas to flow radially outward relative to 
the substrate. 

The apparatus may further include a process gas 
conduit structured and arranged to direct a flow of process 
gas over a front side of the substrate while the substrate 
is rotated such that the rotating substrate causes the 
process gas to flow radially outward relative to the 
substrate- The support assembly may include an edge ring 
supporting the substrate. Confronting surfaces of the edge 
ring and the substrate can be structured and arranged ta 
channel the radially flowing purge gas around a peripheral 
edge. of the substrate. 

According to another aspect of the invention, a 
system to process a substrate includes a process chamber, an 
edge ring to support the substrate within the process 
chamber/ and a rotation assembly structured and arranged to 
rotatably couple che edge ring to an actuator located 
outside the process chamber. The process chamber includes a 
process gas conduit structured and arranged to flow a 
process gas over a front side of the substrate, and a purge 
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gas conduit structured and arranged to flow a purge gas over 
a backside of the substrate while the subscrate is rotated. 
The process chamber can include a teat source positioned 
above the substrate for thermal processing the substrate. 
The bottom of the process chamber, the rotation assembly, 
the edge ring and the substrate can cooperatively form a 
thermal cavity. 

The rotation assembly can include a cylinder 
supporting the edge ring. The cylinder is supported by an 
upper bearing race which is rotacably coupled to a 
stationary lower bearing race by bearings therebetween. The 
upper bearing race is structured and arranged to be 
magnetically coupled to the actuator for rotating the upper 
bearing race and the cylinder. The rotation assembly can be 
structured and arranged to rotate the substrata about a 
central axis at a rotational speed of at lease approximately 
90 RPX. 

Tne edge ring {nay include ah annular ledge having an 
upper surface to support the backside of the substrate near 
a peripheral edge of the substrate. The ledge is structured 
and arranged to allow passage of outwardly flowing purge gas 
past the peripheral edge. 

The purge gas conduit may include an injector which 
includes a slit through which the purge gas flows. The slit 
is disposed parallel to a plane defined by the substrate 
when the substrate is supported by the edge ring. 

The invention also provides a method of purging a 
backside of a substrate with a purge gas, such as, for 
example, an inert gas* The method includes the 3teps of 
rotating the substrate about a central axis, for example , at 
a rotational speed of at least approximately 90 RPM, and 
flowing the purge gas oyer the backside of the rotating 
substrate. The rotating substrate urges Che purge gas to. 
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flow in an outward radial direction relative to the rotating 
substrate. The puc^e gas can be flowed through an aper-ure 
in a plate spaced from the backside of the substrate. 

The method nay also include the step of flowing a 
process gas over a front side of the rotating substrate, 
wherein the rotating substrate urges the process gaa to flow 
in the outward radial direction. The substrate may be 
heated while flowing Che process gas. 

The method can further include channelling the 
radially flowing purge gas past a peripheral edge of the 
rotating substrate. The channelling may include channelling 
the radially flowing purge gas through a plurality of flow 
paths that are provided by confronting surf acas of the 
substrate and an edge ring supporting the substrate. The 
channelling can also include directing the radially flowing 
purge gas in a generally axial direction near a peripheral 
edge of the substrate. Rotating the substrata can include 
rotating the substrate on a rotating edge ring, an outer 
annular surface of the edge ring further urging the 
channeled purge gas and the outwardly flowing process gas to 
flow radially outward therefrom. 

The invention also provides a method of vapor 
processing a disk-shaped substrate in a process chaober, 
including the steps of supporting the substrate on a 
rotation assen-bly, the rotation assembly including an edge 
ring having an inner annular ledge supporting the substrate 
near the substrate's peripheral edge; flowing a purge gas 
over a backside of the substrate; flowing a process gas over 
a front sice of the substrate; and rotating the substrate 
with the rotation assembly to urge the purge gas and the 
process gas radially outward toward the substrate's 
peripheral edge. The substrate can be heated while rotating 
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the substrate. The substrate can be rotated at a rotational 
speed of at least approximately 90 rpm. 

The present invention provides an apparatus and 
method for blowing a purge gas across the backside o£ a 
wafer in an RTP chamber that inhibits the formation of 
unwanted deposits. The apparatus and method inject the 
purge gas in a pattern that minimally affects the 
temperature of the wafer. The apparatus and method also 
cause minimal interference with a pyrometric temperature 
measurement of the backside of the wafer. The apparatus and 
method further inhibit the inflow of reactant gases onto 
sensitive components of the process chamber outside of a 
processing region. 

Other advantages and features of the present 
invention will become apparent tram the following 
description, including the drawings and claims. 

Detailed Description of the Invention 

The same structures illustrated in different: figures 
are referred to with the same reference numerals. 

The present invention relates to a purge cas 
injector for use in thermbchemical processing chambers and 
methods for purging the bacleaide of a substrate during a 
therraochemical process. One type of RTP apparatus is 
disclosed in U.S. Patent Application Serial Mo, 06/359,302, 
filed December 19, 1594, entitled "A Method And Apparatus 
For Measuring Substrate Temperatures," assigned to the 
assignee of the present invention, and hereby incorporated 
by reference. The purge gas injector is positioned within a 
cyl indric ally -shaped thermal cavity located below the 

backside of a wafer. A rotating support for the wafer spins 
the wafer to draw the purge gas up to the backside of the 
wafer in an expanding spiral -shaped flow. In one of the 
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embodiments described below, the injector flews purge gas 
approximately radially outward in a direction about parallel 
to the plane of the wafer between the wafer and a reflector 
# at the bottom of the cavity. Also described below is an 
embodiment wherein the purge gas flows out of the thermal 
cavity through a narrow annular- shaped gap located between 
the cylindrical wall of the rotating support and the rim of 
the reflector* 

Referring to FIG- 1, a vapar processing system that 
purges a backside of a substrate 10 includes a rotatable 
support structure 12 mounted in a process chamber 14* A 
reaction gas supply 16 provides a regulated flow of a 
reaction gas 18 that ia directed through apertures formed in 
a shower- head type nozzle 20 to a front surface 22 of 
substrate 10. Gases are removed through exhaust 24. The 
bottom 28 of chamber 14 , the support structure 12, and the 
backside 25 of substrate 1Q together define a cavity. A 
purge gas supply 3C provides a regulated flow of non- 
reactive purge gas 32 that is directed chrough an injector , 
34 in the bottom 26 of chamber 14. 

When the front and back surfaces 22, 26 rotate, they 
impart an outward radial momentum to the reaction gas 18 and 
the purge gas 32 , respectively. At sufficiently high 
rotational speeds, the interaction of the substrate surfaces 
22, 26 with, the gases 18, 32 causes the gases to flow in an 
outwardly radial direction toward the peripheral edge 36 of 
substrate 10 . 

Referring now also to Figs. 2(a) and (b) the 
substrate 10 rests on an inner annular ledge 38 of an edge 
ring 40. In this embodiment, ledge 38 is flat so that when 

the substrate 10 is resting on it, the flow of purge gas in 
a gap 41 that may be located between the backside of the 
substrate and the annular ledge 38 is significantly 
restricted. This produces a higher velocity of any purge 
gas which does manage to eiow through region 41, thereby 
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also producing a more effective barrier to process gas 
flowing back through region 41 into the region behind the 
wafer 1 

An upper surface 42 of ar, outer annular portion 44 
of the edge ring 40 is approximately level with the upper 
surface 22 of the substrate 10- Under some circumstances, 
it may be undesirable to have an upward step or a downward 
step that cculd disturb the smooth outward flow of process 
and purge gases. Also a downward step could, allow process 
gases to interact more easily with trie peripheral edge of 
the substrate* The interaction of the gases 18 and 32 with 
the rotating substrate upper surface 22 and outer annular 
portion upper surface 42 transfers additional outward radial 
momentum to the gases. Both gases 13 and 32 move radially 
' outward and away from the upper surface 22 of the substrate 
10. 

The outward radial flow inhibits significant mixing 
of the purge gas 32 with the reaction gas 18 over the 
substrate upper surface 22. This helps to achieve a more 
uniform process profile out to the periphery of the upper 
surface 22 of the substrate 10. The flowing purge gas 32 
prevents the reaction gas 18 from migrating over the 
peripheral edge 35 of the substrate, and thereby helps to 
prevent the reaction gas 18 from depositing an. unwanted film 
on the edga 36 or the back surface 26 of the substrate 10. 

A film 46a produced on a wafer substrate 10 without 
a flow of a purge gas and/or without rotating the wafer 10 
is schematically illustrated in FIG. 3(a). The film 46a 

extends onto the peripheral edge 36 of the wafer 10 and 
around onto the backside 26* These area3 of the film are 
typically thinner than the film produced on the upper 
surface 22 of the wafer 10. The film 46a can easily flake 
off from these regions, thereby contaminating the processing 
system. 
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FIG* 3(b) shows a second film 46b produced by 
flowing purge gas 32 during Che deposition process, but 
without rotating the wafer 10 at speeds sufficient to cause 
an outward radial flow of the purge cas 32 or process gas 
18- In th±3 case, the film 46b has a reduced profile, or 
thickness, near the edge 36 of the wafer 10, thereby 
reducing the usable area of the upper surface of the wafer. 

FIG, 3 (c) schematically illustrates a third film 45c 
produced by flowing purge gas 32 during the deposition 
process and by rotating the wafer 10 at speeds sufficient to 
cause an outward radial flow of the purge gas 32 and process 
gas 18. Film 46c has a more uniform profile near the edge 
36 of the wafer 10, and does not extend around the edge 36. 

A system that has been modified in accordance with 
the invention is shown in FIG, 4. Tn particular, FIG. 4 
shows a processing chamber 100 for processing a disk-shaped, 
twelve-inch (300 millimeter (mm) ) diameter silicon (Si) 
substrate 106- The substrate 106 is mounted inside chamber 
10 0 on a substrate support structure 106 and is heated by a 
heating element 110 located directly above substrate 106. 
Heating element 110 generates radiation 112 which enters 
processing chatnber 100 through a water-cooled quartz window 
assembly 114 which may be approximately 25 mm above the 
suhstrate. Beneath substrate 106 is a reflector 102 which 
is mounted on a central assecnbly 116 having a generally 
cylindrical base- Reflector 102 may be made of ■ aluminum and 
may have a highly reflective surface coating 120. An 

underside or backside 107 of substrate 106 and the top of 
reflector 102 form a reflecting caviny lia for enhancing the 
effective emissivity of substrate 106. 

The separation between substrate 106 and reflector 
102 can be varied. In processing systems that are designed 
for twelve-inch silicon wafers, the distance between 
substrate 106 and reflecccr 102 may typically be between 
about 3 mm and 20 no. 
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The temperatures at localized regions 106' of 
substrate 106 are measured by a plurality of temperature 
probes. The described ertbodiment actually uses eight 
measurement probes radially distributed over the reflector 
102 so as to measure the tamperature at different radii of 
the substrate 106; however, only two probes are shown in 
FIG. 4. The temperature probes include sapphire light pipes 
126, which may be inserted into conduits 124 that pass fron 
the backside of central assembly 116 through the top of 
reflector 102- Sapphire light pipes 126 are about 0.080 
inch in diameter and conduits 124 are slightly larger to 
enable the light pipes to be easily inserted into trie 
conduits. Light pipes 126 are connected to pyrometers 128 
via fiber optics 125. Pyrometers 128 produce signals 
indicative of the measured temperature in a known manner. 

A. processing region 130 is located generally above 
substrate 106. In processing region 130, and to a certain 
extent in other areas of the chamber, process gases are used 
in conjunction with the temperature control of substrate 106 
via lamps 110 to conduct chemical reactions on substrate 
106.' These reactions include, but are not limited to, 
oxidation, nitridation, film growth, etc. The process gases 
129 typically emerge into processing region 130 through a 
gas plenum or showerhead (see, also, FIG. 1) located above 
or to the side of processing region 130. In the embodiment 

shown in FIG. 4, these gases enter from a sice gas inlet 
132. Certain details of such processes and devices causing 
the same are described in U.S. Patent No. 5,155,336, filed 
October 24, 1991,. owned by the assignee c£ che present 
invention, and hereby incorporated by reference, and in the 
aforementioned co-owned patent application entitled "Novel 
Way of Introducing Gas into an RTP Chamber". If necessary, 
process gases may be pumped out of the chamber or exhausted 
by a pumping system 133 of known design through ar. exhaust 
port 131. 
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Substrate 106 is generally a large diameter silicon 
wafer, wafers of other materials may also be used. The 
diameter of substrate X06 is often at least 200 turn, but 
substrates of any size may be accommodated by the present 
invention, 

A suitable heating element 110 is disclosed in above 
mentioned U.S, Patent Ko. 5,155,335. This heating element 
uses a number of light pipes to deliver highly collimated 
radiation from tungsten-halogen lamps to processing chamber 
100\ The lamps may be divided into twenty-four zones which 
are located in a radially symmetrical mannar. The zones can * 
be individually adjusted by a controller 111 having a 
feedback system, based on the signals received from 
pyrometers 128 , to allow the radiative heating of different 
areas of substrate 106 to be controlled. 

Central assembly 116 includes a circulation circuit 
including chambers 146 through which coolant such as a 
cooled gas or liquid circulates, thereby cooling reflector 
102, Water which is typically at about 23 may be 
circulated through central assembly 116 to !<eep the 
temperature of reflector 102 well below that of heated 
substrate 106 (e.g., 150°C or less] . 

During thermal processing, support structure 108 can 
be rotated at speeds of at ieaat about 90 RPM. Thus, each 
probe actually samples the temperature profile of a 
corresponding annular ring area. or. the substrate. As shown 
in FIG. 4, the support structure which rotates Che substrate 
includes an edge ring 134 which contacts substrate 106 
around the substrate's outer perimeter, thereby leaving all 
of backside 107 of substrate 106 exposed except for a small 
annular region, about the outer perimeter. Edge ring 134 may 
have a radial width of approximately 0.75 inch (18 mm) to 
approximately 1-0 inch (2.S mm) . To- minimize the thermal 
discontinuities that will occur at the edge of substrate 105 
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during processing, edge ring 134 is made of the sane, or 
similar, material as substrate 106, e.g. silicon or silicon 
carbide. 

Edge ring 134 rests ona rotatable tubular quartz 
cylinder 136 that is coated with silicon to render it opaque 
in the frequency range of the pyrometers 128. The silicon 
coating on quarts cylinder 136 acts as a baffle to block out 
radiation from external sources that might contaminate the 
intensity measurements . Toe bottom of quartz cylinder 136 
is held by an annular upper bearing race 142 which rests on 
a plurality of ball bearings 138 that are, in turn, held 
within an stationary, annular, lowar bearing race 140. Ball 
bearings 138 can be made of silicon nitride to reduce 
particulate formation during operation. Upper bearing race 
142 is magnetically-coupled to an actuator (not aliown) which 
rotates cylinder 136, edge ring 13% and substrate 106 at an 
operating speed during thermal processing. 

The substrate 106 and support assembly 1D8 may also 
be rotated, by a magnetic levitation system or other known 
apparatuses- One way of accomplishing the rotation is 
described in a U.S. Patent Application entitled 

"Magnetically- Levitated Rotor System for an RTP Chamber" 
filed on even date herewith, assigned to the assignee of the 
present application and incorporated herein by reference. 

A purge gas 147 is provided to cavity 118 through a 
purge gas injector 148 located between backside 107 of 
substrate 106 and reflector 102. Purge gas injector 148, 
which will be described in greater detail below, is 
connected to a regulated purge gas supply 150 through a 
passageway 152 extending through central assembly 116 and 
via a conduit 151. 

Xn the embodiment described with reference to FTG, 
4, injector 148 is approximately centered in reflector 102 
and directs a flow of a purge gas 147 into a central area of 
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cavity 118. Injector 146 directs purge gas, on average, 
approximately normal to the surface 106. 

We have observed that rotating the substrate 106 
with rotation speeds as low as about 20 R?M impels the purge 
gas 147 introduced through injeccor 148 in an outward radial 
direction, indicated with arrows 14S. Positive results are 
produced with rotation speeds of 30-40 RPM and higher. 

m another embodiment, injector 148 can be 
structured to direct purge gas 147 upward and radially 
outward in a conical -shaped flow pattern. In yet another 
embodiment, which will be described in greater detail below, 
an injector directs the purge gas in a substantially radial 
direction, with substantially no component directed normal 
to the plane of the substrate 106. Of course, it should be 
understood that other devices for introducing backside purge 
gas 147 in a way that is compatible with this invention are 
readily icnplerasnted by persons slcllled in the art. 

Cylinder 136 can be structured to form passages for 
purge gas 147 to flow out of cavity 113 into the annular 

region between edge ring 134, cylinder 136 and shield ring 
154. 

Referring now to Figs. 5 and 6, edge ring 134 has an 
inner portion forming a ledge 164 that supports substrate 
10 S and an outer portion 165 that is supported by cylinder 
13 S. In the above -described embodiment, the surface of 
ledge 164. is flat so as to create a good seal when contacted 
by the backside of the wafer. In this alternative 
embodiment, however, grooves 182 are formed in the upper 
surface 180 of ledge 164. The grooves extend in an 
approximately radial direction from the inner edge of the 
ledge 164, partially into the outer portion 166. The 
grooves 182 provide flow paths that allow the purge gas 147 
to more easily flow between the substrate 106 and the 
supporting ledge 164 of edge ring 134. The outermost 
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portions of grooves 182 include an arcuate upward bend 186 
that:* redirects the flow of puree gas 147 past the peripheral 
edge 168 of substrate 106 upward and outward in a more 
axiaily directed flow. 

While sixteen grooves 182 are illustrated in FIG. 5, 
a smaller number of grooves may also be utilized. A greater 
ntrnber of grooves mora closely spaced together around the 
ring may provide a more uniform outward radial flow of purge 
gas. 

The upper surface 170 at the outer portion 156 of 
edge ring 134 is at an elevation approximately the same as 
the upper surface 188 of substrate 106. 

In another embodiment, illustrated in Figs. 7 and 8, 
the upper surface 170 includes elevated ridges or vanes 190 
structured to assist in moving the purge gas 147 and the 
process gas 129 outward and away fron the edge ring 134. 
Each vane 190 is located adjacent an upward bend 186 of an 
associated one of grooves 182. 

The edge ring 134 is also designed to create a 
light-tight seal with the quartz cylinder 136. Extending 
from the bottom surface of the edge ring 134 is a 
cylindrically- shaped lip 192 which has an outside diameter 
that is slightly smaller than the inside diameter of the 
quartz cylinder 136, so that it fits into the cylinder, as 
shown f and forms a light seal. Alternatively, lip 192 can 
be a larger diameter to form a light seal with the outer 
surface of cylinder 136. 

Edge ring 134 has an outer radius that is larger 
than the radius of the quartz cylinder 136 so that it 
expends out beyond the quartz cylinder. The annular 
extension of the edge ring 134 beyond cylinder 136, in 
cooperation with shield ring 154 located below it, functions 
as a baffle which prevents stray light from entering the 
reflecting cavity 118. To further reduce the possibility of 
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stray light reflecting into the reflecting cavity 118, edge 
ring 134 and shield ring 154 may also be coated with a 
material . that absorbs the radiation generated by hearing 
element 110 (e.g., a black or grey material). 

The purge gas can be an inert gas, e.g., argon, or a 
non-reactive gas, e.g. l$ t , although other types of ga3es can 
also be used. The choice of gas depends upon the particular 
material used in the chamber and upon the process being 
performed in the chamber. For exaoiple, under some 
circumstances it may be desirable to use a purge gas that 
will react with the source gas to scavenge possible 
deposition material, e.g., Hj or HC1. 

A particularly effective embodiment of an injector 
248 for introducing the purge gas is shown in a modified RTP 
chamber 200 in FIG. 9. Only one-half of process chamber 200 
to one side of a central axis 201 of thermal cavity 118 is 
shown to allow greater detail of illustration of purge gas 

injector 243. This sectional view also does not show light 
pipes 126, pyrometers 128 or heater controller 111. Note 
that injector 248 is positioned off of thermal cavity's 
central axis 201, and therefore off the substrate's 106 
central axis . 

RT? chamber 200, like the chamber 100 described 
above with reference to FIG. 4, includes a rotatable 
substrate support structure 108 and a heating element 110 
located to direct heat radiation 112 onto the substrate 106, 
A reflecting cavity 118 is formed by substrate 106, 
reflector 102, edge riug 13!, and cylinder 136. A 
processing region 130 :is located between substrate 106 and 
heater window assembly 114 . A rotation mechanism is adapted 
to rotate the support structure 108. 

RTP chamber 20.0 also includes a transparent quartz 
reflector cover 204, which is located between reflector 102 
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and substrate 106. Reflector cover 204 is described in 

detail in co-owned application Ser. No. 08/ , entitled 

"Reflector Cover For A Semiconductor Processing Chamber, n 
filed on even date, the entire disclosure of which is 
incorporated herein by reference. Cover 204 is supported 
above reflector 102 by a plurality of supports, which may 
connect to reflector 102 or to other parts of the chamber. 
In the embodiment illustrated in FIG. 9, support for cover 
204 is provided by cylindrical posts 2 OS that rest in 
slightly larger diameter cylindrical hollows 209 formed in 
reflector 102. It will be recognized that posts 2Q6 may be 
replaced by numerous other types of coupling structures 
including rings, pins, suspensions, etc. In the described 
embodiment, four posts 206 are provided for supporting 
reflector cover 204, of which only one is shown in FIG. 9. 

In a system for processing 300 nun wafers, in which 
reflector 102 may be approximately 18 mm below substrate 
10tf f cover 204 rcay be approximately 2-3 ram thick and may be 
positioned a distance approximately 2-3 mm above reflector 
102 and a distance approximately 10 mm below the bottom 
surface of substrate 106. These distances ara chosen in 
part to balance the thermal load or. cover 204. In thi.3 way, 
the temperature of cover 204 is maintained such that a 
minimum of deposition occurs on cover 204 or on reflector 
102 below it. 

Injector 248 extends up from reflector plate 102 
through an aperture 210 formed in cover 204, Referring now 
also to FIGS. 10 and 11, injector 248 may be cracained, for 
example, . from an "approximately mushroom- shaped, transparent 
quartz plug that has been formed with a central channel 212 
by well known methods. Instead of being made of a 
transparent material , injeccor 248 can also be made of a 
highly-reflective material , such as, for example , a gold 
plated metal. Injector 248 has a cylindrical bottom 214 and 
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a larger diameter cylindrical top 216. 

Central channel 212 includes a cylindrical -shaped 
lower channel 218 that extends from an aperture 220 in 
bottom 214, through bottom 214 r and into top 216. Lower 
channel 218 connects to a larger diameter upper channel 232 
within cop 216. A radially extending slit 224 communicating 
with upper channel 222 expends substantially 360° around top 
216. A top plate 226 is supported by small, approximately 
triangular- shaped posts 228 that remain after cutting slit 
224 with a slitting saw. In the embodiment illustrated in 
FIGS- 10 and 11, there are three evenly-spaced posts 223 
that divide slit 224 into three porticos, which each excend 
approximately 120°. Posts 228 are rra.de as small as 
possible, consistent with ease o* manufacturing, to ntaximi2e 
the circumferential extent of slit 224. 

Referring now also to FIGS . 9 and 12-14, the 
diameter of cylindrical bottom 214 is slightly smaller than 
a vertical hole 230 extending through thermal reflector 102. 
A bottom surface 232 of cylindrical bottom 214 sits on top 
Of a stand-off 234. Stand-off 234 has apertures that couple 
a purge gas flow from a horizontal channel 236 formed by a 
groove 237 in the bottom of reflector L02 and the tcp of 
central support 115, Horizontal channel 236 connects, in 
turn, to a conduit 238 extending through central support 
116 . The other end of conduit 233 outside chamber 200 can 
have a fitting 240 for connecting to a regulated supply of 
purge gas (not shown) , or may be ccrmected to the purge gas 
supply by other known methods. A resilient a -ring 242 
provides a seal between the outer surface of injector boctocn . 
214 and reflector 102. 

Stand-off 234 has a ring-shaped body 244 that 
includes a central passage 246 that ±$. approximately the 
same diameter as lower portion 218 of injector's 248 central 
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channel 212. Four pie-shaped posts 250 are machined from 
the bottom aide. 

Purge gas flows from channel 236, through spaces 
between pie-sttaped posts 250, up through the stand-off's 
central passage 246 and into central channel 212 of injector 
248. Purge gas then flows up through injector 248 and out 
of slit 224 in a substantially radial direction. This 
produces a flow of purge gas that is substantially parallel 
to backside 10*7 of the spinning substrate 10 G and directed 
approximately radially outward. 

Slit 224 is oriented parallel to the substrate so 
that the flow of purge gas from central channel 212 of 
injector 24fl does not have any straight, line-of -sight paths 
impacting directly on the substrate's backside 107. This 

arrangement inhibits the flow of purge gas from injector 248 
from preferentially cooling any spots on substrate 106. 

As described above with reference to other 
embodiments of the invention, the spinning substrate 106 
draws the purge gas upward toward the substrate backside 
107, and impels the purge gas in a outward spiralling 
direction. Although we have observed positive effects from 
spinning the substrate at rotational speeds as low as 
approximately 30-40 RPM, the rotational speed is determined 
largely by time constants in the thermal feedback system of 
the temperature controller ill. The substrate 106 should 
rotate at least one full turn during a cycle of the 
temperature controller. We have found that in the described 
system substrate 106 can be spun at approximately 75-120 
&PM, although higher speeds can be used, and more 
advantageously substrate 106 is spun at approximately B5-95 

In the system described with reference to FIG. 9 f ■ 
injector 248 is the only source of purge gas in charrber 200. 
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Upon reaching the periphery of cavity 118, the spiraliog 
flow of purge gas curls downward along the inner surface of 
cylinder 136. Some of the purge gas :nay return towards 
# injector along the top of cover 204 or in the space between 
cover 204 and reflector 102. However, to maintain a 
constant pressure in cavity 118, purge gas must exit cavity 
118 with a flow equal to that being input from 'injector 248 . 
This outward flow is directed mostly through an annular - 
shaped gap 254 between the stationary reflector 102 and the 
spinning cylinder 136 . In the embodiment described with 
reference to FIG. 9, edge ring 132 does not include channels - 
for tiae removal of the purge gas between its ledge and 
substrate 106/ therefore very little purge gas escapes 
between edge ring 134 arjl substrate 106. Gap 254 may be, 

for example, approximately 0-1 inches (2.5 nm) wide. From 
there, the purge gas flows between bearing races 140, 142 
and ball bearings 138, between spinning bearing race 142 and 
shield 154, along the outer surface of cylinder 135, and 
then between shield 154 and an edge ring extension 252, and 
out towards exhaust port 256. In the case where some of the 
purge gas leaks from cavity 118 to processing region 130 due 
to, e.g., imperfections in edge ring 134, these gases may 
also be pulled along co -rotating edge ring extension 252 and 
removed . 

A similar system fcr removing purge ga3 from cavity 
118 through an annular gap between cylinder 136 and 
reflector 102 can be used in a process chamber having a 
magnetically levitated rotation mechanism. Such a system is 
described in the aforementioned related application entitled 
"Magnetically-Levitated Rotor System For An RtP Chamber." 

As mentioned above, injector 248 is located slightly 
away from the central axis 201 of the reflector plate 102 
and thermal cavicy 118 . The precise location depends on 
desigr. features of the system. Some of the considerations 
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for optimum placement of injector 248 in a multiple Lamp RTP 
system are the following. Since the presence of injector 
248 perturbs the temperature profile of the wafer in the 
vicinity of where the injector is located, it is desirable 
to move injector 248 out towards the periphery of the 
spinning wafer. In that way, ir.s net inpact on any single 
location of the wafer is reduced because the outer regions 
of the spinning wafer are heated by multiple lamps of 
heating element 110 and any given location near the 
periphery does not feel the impact of injector 248 except 
for a small part of the rotational cycle. However, as 
injector 248 is positioned farther out towards the periphery 
of the wafer, the flow of purge gas relative to backside 107 
of the spinning wafer 105 becomes more asymmetric. To 
achieve a more symmetric flow, which is of course desirable, 
injector 248 should be closer to the center, where it 
produces a greater impact on the temperature profile. Thus, 
the optimum location is determined by balancing these two 
competing effects, and it will tend to be close to but not 
at the center- In the described embodiment, injector 248 is 
positioned approximately 20%-30% of the distance from 
central axis 201 to cylinder 136. 

With regard to the height of injector 24B, it is 
desirable to position slit 224 as close to backside 107 of 
the spinning wafer as possible so as to get effective flow 
of purge gas against the spinning wafer. However, if top 
226 of injector 248 is too close to wafer 106, the region 
between top 226 of injectcr 24 8 and backside 107 of wafer 
106 will tend to entrap gas or negatively impact the flow of 
purge gas in this region. Thus, the optimum height of 
injector 248 is determined by balancing these two competing 
effects. 

In the described system for processing 3 00 mm 
wafers, the backside 107 of the wafer may be about 18 mm 
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above the reflector plate 102. Injector 248 may be 
approximately 0.8 Laches (20 mm) long. Injector top 216, 
including top plate 226, may be approximately 0/4 inches (10 
mm) high and 0.75 tnches (19 mm) in diameter, rnjector 
bottom 214 may be approximately 0.4 inches (10 mm) long and 
0.37S inches (9.5 ran) in diameter. Slit 224 may be about 15 
mils (0.3 mi) wide and may he positioned about 7 ram above 
the reflector plate 102* Where the reflector cover 204 is 
usedj elit 224 may be only slightly elevated above an upper 
surface of cover 204, for example, approximately 1*2 mm 
above cover 204. slit may be located approximately o.lX 
inched (3 tnci) below the- top of top plate 225. .Lower channel 

218 may be approximately 0.24 inches (6mm) in diameter; 
upper channel may be approximately 0.51 inches (13 mm) in 
diameter* 

The purge gas introduced into cavity 118 by injector 
248 ensures that a continuous back -pressure is maintained so 
that deposition does not occur cn backside 107 of substrate 
106. For such a structure, an appropriate purge gas flow 
race might be about 4-10 liters/min of H 2 with a back 
pressure at atmospheric pressure in cavity 118, depending of 
course on other process and system variables . Gas flow 
rates scale down approximately as the back-pressure is 
decreased. A suitable back-pressure may be abcut 10G 
milliTorr, although this pressure varies according to the 
process . 

Although we have shown injectors 148 and 243 in RXP 
systems, it should be understood that they can also be used 
in any systeni in which the backside purge technique 
described herein would be useful . 

In other embodiments, the purge gas can be 
introduced into cavity 118 trough multiple injection ports 
cr injectors. The injection ports may direct the purge gas 
parallel to substrate 106, or at an angle towards substrate. 
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Regardless of the manner in which the purge gas is 
introduced into cavity 1X8, the rotating substrate 106 
provides a pumping action that will impel the purge gas to 
spiral radially outward along substrate backside 107. ^ 

Also note that the process and purge gases may be 
removed from the chamber through multiple exhaust ports, 
which may be distributed around the support structure. 

Although the invention is especially useful in 
semiconductor fabrication processes in which the substrate 
ig typically a disk- shaped semi conductor, we intend the term 
"substrate" to broadly cover any object that is being 

processed in a vapor process chamber. The term "substrate" 
includes, for example, semiconductor wafers, flat panel 
displays, glass pLates or disks. 

In addition, the term "vapor processing system" is 
intended to broadly cover any process by which a surface of 
a substrate is altered by flowing a process gas over the 
surface. This can include CVD systems , RTCVD systems, RTO 
systems, RTN systems, and other vapor processing systems 
that are currently known or that may be developed. 

Though we have described the system as including a 
front side gas injection system which uses a showerhead and 
produces radially .symmetric gas flow, the invention also 
works in the case of side injection system which produces a 
gas flow as indicated by the arrows 18a in FIG. 2. 

Other embodiments are within the scope of the 
invention - 

4 Breif Description of Dravings 

FIG. 1 is a diagrammatic cross -sectional side view 
of a vapor processing system that uses rotational backside 
purging. 
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FIGS. 2(a) and (b) are partial diagrammatic cross - 
sectional side views of a substrate and support structure 
showing gas flow patterns (a) when there is no reaction gas 
flow and the substrate is not rotated, and Cb) when a 
reaction gas is directed towards the front side of the 
substrate and the substrate is rotated. 

FIGS. 3 (a) -(c) schematically illustrate deposition 
profiles near the peripheral edge of a wafer under different 
conditions; 

FIG. 4 is a cross -sectional side view of an RTP 
system embodying the invent ion ; 

FIG. 5 is a plan view of an edge ring; . . 

FIG*. 6 is a sectional view along lines 6-6 of Fig. 
5, with a substrate shown in shadow; 

FIG. 7 is a plan view of another embodiment of an 
edge ring; 

FIG. 8 is a sectional view along lines 8-8 of Fig. 
7, with a substrate shown in shadow; 

FIG, 9 is a cross-sectional side view of a portion 
of another embodiment of an RTP system with a purge gas 
injector according to the invention; 

FIG. 10 is a cross -sectional view along line 10-10 
of the purge gas injector illustrated in FIG. 9; 

FIG. 11 is a cross -sectional view through line 11-11 
of FIG. 10; 

FIG. 12 is a bottom plan view of a stand-off that is 
adapted to allow purge gas to pass through the purge gas 
injector illustrated in FIGS. 9-11; 

FIG. 13 is a cross -sectional view along line 13-L3 
of FIG. 12; and 

FIG. 14 is a cress -sectional view along line 14-14 
of FIG. 12. 
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1 Abstract 

An apparatus for purging the backside of a substrate 
in a process chamber includes a purge gas injector.. The 
injector Includes a substantially annular- shaped opening 
providing a slit that is structured and arranged to direct a 
flow of purge gas about radially outward therefrom in a 
direction approximately parallel to a plane defined by the 
substrate, wherein the substrata is supported in the process 
chamber above the purge gas injector. When the substrate is 
rotated at a sufficient speed, the purge gas flowing from 
the injector is inqpelled to flow spirally outward along the 
backside of the substrate. 



2 icpresentative Braving fig. 1 
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